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Abstract: In this paper, the ultra-wideband source for light fidelity(LiFi) and high-density 3D imaging applications is 
proposed. The system consists of an add-drop multiplexer. The center ring is formed by the Chalcogenide glass (ChG), 
which is coupled with two GaAsInP/P side rings. The nonlinear effect within the side rings (phase modulators) is induced 
in the central ring. The superposition of light signals from side rings generates wider wavelength band, which makes the 
original input. The output is the set of squeezed light pulses known as whispering gallery mode(WGM)which is 
generated at the center of the system. Three different input sources are investigated, where the simulated results are 
comparatively plotted and discussed. The results show that the wavelength of 1.30 µm is the best input source. The 
output wavelengths band is ranged from 0.7-3.1 µm, which is suitable for LiFi source and high-density 3D imaging 
applications. 
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1. Introduction 
Chalcogenide glass(ChG) material has shown very interesting aspect that the propagation of light within a certain 
chalcogenide length changes due to the change in the refractive index [1, 2]. Several investigations have confirmed this 
observation [3-8]. Chalcogenide glass already exists and available for the potential applications [9-15]. One of the 
interesting aspects of light traveling within the ChG is that the change in wavelength range from the infrared to the radio 
wave (or microwave) that can be used to serve the current bandwidth requirements, where the light fidelity(LiFi) and 
wireless fidelity(WiFi) are required to use for the increasing bandwidths [16-19], where the individual system has been 
well established and available in the existing networks. However, the interconnection between LiFi and LiFi is 
expensive, therefore, the search for the new technology is ongoing. Up to date, the most of the employed chalcogenide 
lengths for the extended wavelength bands from 1.5-3.5 µm is within the range of few centimetres, where the results are 
reported of the applied chalcogenide lengths with the supercontinuum spectrum [20-22]. This means that the output 
wavelength can be used to supply in both lightwave and microwave source applications. However, the search for the new 
form of the device with more potential applications is continued. In this paper, we propose microring resonator that can 
be fabricated in micrometer dimensions with current fabrication facilities. Moreover, the external 
multiplexed/demultiplexed signals are also available by applying into the device ports. It is an add-drop filter, which is a 
micrometer scale. In simulations, we have investigated three different sources with the wavelengths of 1.10, 1.30, 1.55 
microns. We have compared the results and selected one for further investigation. The desired targets are ultra-wideband 
wavelengths that can support wide ranges and the reasonable output power. Moreover, the ease of the connection is also 
the requirement, where the output at the center in the form of "WGM" can be suitable. Practically, the WGM output can 
be obtained by controlling the two side ring phase modulators [23-25]. The theoretical background is also reviewed. The 
simulation results are obtained by the Optiwave and MATLAB programs. Optiwave is used for preliminary 
investigations while MATLAB is utilized for detailed simulations. 
2. Theoretical Review 
In Figure1, a selected light source is input into the system via an input port, which is the input field (𝐸𝐸𝑖𝑖𝑖𝑖 ) is the electrical 
field input. The electric fields are circulated within the system and described by the equations (1)-(9) [26], the input 
electric field is input into the z-axis, where  𝑬𝑬𝒊𝒊𝒊𝒊 =  𝑬𝑬𝑍𝑍= 𝑬𝑬𝟎𝟎𝒆𝒆−𝒊𝒊𝒌𝒌𝒛𝒛𝒕𝒕−𝝎𝝎𝒕𝒕, 𝐸𝐸0 is the initial electric field amplitude, Where 𝐸𝐸0 is the 
electric field amplitude (real), 𝒌𝒌𝒛𝒛 is the wave number in the direction of propagation (z-axis) and 𝝎𝝎 is the angular 
frequency. 
 
 𝐸𝐸1 = �1 − 𝛾𝛾1 (�1 − 𝜅𝜅1 𝐸𝐸4𝑒𝑒−𝛼𝛼2𝐿𝐿𝐷𝐷2 −𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐷𝐷2 + 𝑗𝑗√𝜅𝜅1  𝐸𝐸𝑖𝑖𝑖𝑖 𝑒𝑒−𝛼𝛼2𝐿𝐿𝐷𝐷4 −𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐷𝐷4 )   (1) 
𝐸𝐸𝑅𝑅2 =  𝐸𝐸𝑅𝑅1 𝑒𝑒−𝛼𝛼2𝐿𝐿𝑅𝑅−𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝑅𝑅        (2) 
𝐸𝐸2 = �1 − 𝛾𝛾2 (�1 − 𝜅𝜅2 𝐸𝐸1 + 𝑗𝑗√𝜅𝜅2  𝐸𝐸𝑅𝑅2 )      (3) 
𝐸𝐸3 = �1 − 𝛾𝛾3 (�1 − 𝜅𝜅3 𝐸𝐸2𝑒𝑒−𝛼𝛼2𝐿𝐿𝐷𝐷2 −𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐷𝐷2 + 𝑗𝑗�𝜅𝜅3  𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎  𝑒𝑒−𝛼𝛼2𝐿𝐿𝐷𝐷4 −𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐷𝐷4 )    (4) 
𝐸𝐸𝐿𝐿2 =  𝐸𝐸𝐿𝐿1 𝑒𝑒−𝛼𝛼2𝐿𝐿𝐿𝐿−𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐿𝐿        (5) 
𝐸𝐸4 = �1 − 𝛾𝛾4 (�1 − 𝜅𝜅4 𝐸𝐸3 + 𝑗𝑗√𝜅𝜅4  𝐸𝐸𝐿𝐿2 )      (6) 
𝐸𝐸𝑎𝑎𝑑𝑑 = �1 − 𝛾𝛾3 (�1 − 𝜅𝜅3 𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎 + 𝑗𝑗�𝜅𝜅3 𝐸𝐸2 𝑒𝑒−𝛼𝛼2𝐿𝐿𝐷𝐷4 −𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐷𝐷4  )    (7) 
𝐸𝐸𝑡𝑡ℎ = �1 − 𝛾𝛾1 (�1 − 𝜅𝜅1 𝐸𝐸𝑖𝑖𝑖𝑖 + 𝑗𝑗√𝜅𝜅1 𝐸𝐸4 𝑒𝑒−𝛼𝛼2𝐿𝐿𝐷𝐷4 −𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐷𝐷4  )    (8) 
𝐸𝐸𝑜𝑜𝑜𝑜𝑡𝑡 = �1 − 𝛾𝛾3 (�1 − 𝜅𝜅3 𝐸𝐸𝑎𝑎𝑑𝑑∗ + 𝑗𝑗�𝜅𝜅3 𝐸𝐸2 𝑒𝑒−𝛼𝛼2𝐿𝐿𝐷𝐷4 −𝑗𝑗𝑘𝑘𝑛𝑛𝐿𝐿𝐷𝐷4  )    (9) 
 
Where  𝐸𝐸𝑎𝑎𝑑𝑑∗ = −𝑛𝑛𝐸𝐸𝑎𝑎𝑑𝑑  , where the complex conjugate electrical field is the phase term is involved and presented the 
microring circuit κ is the coupling factor, γ is the intensity insertion loss coefficient of the directional coupler, α is the 
intensity attenuation coefficient of the ring, where 𝑘𝑘𝑛𝑛 = 2π⋅𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒, 𝑛𝑛𝑒𝑒𝑒𝑒𝑒𝑒 = the effective refractive index. n is the reflection 
ratio. 𝐿𝐿𝐷𝐷= the circumference of the center ring, 𝐿𝐿𝑅𝑅 is the circumference of the right ring, 𝐿𝐿𝐿𝐿 is the circumference of the 
left ring. If there is without the reflected signal for the ended ports, the reflected electric filed power has vanished. 
 
 
Figure 1: A schematic of the microring conjugate mirror, where 𝑬𝑬𝒊𝒊𝒊𝒊, 𝑬𝑬𝒕𝒕𝒕𝒕, 𝑬𝑬𝒅𝒅𝒅𝒅, and 𝑬𝑬𝒂𝒂𝒅𝒅𝒅𝒅 are the optical field of the input, 
throughput, drop, and add port, respectively. 𝑅𝑅𝐿𝐿: Left-hand ring radius, 𝑅𝑅𝑅𝑅: Right-hand ring radius, 𝑅𝑅𝐷𝐷: Center ring radius, 𝜿𝜿𝒔𝒔: 
coupling constants, which is 0.5 for all 𝜿𝜿𝒔𝒔. The center ring is the ChG material. In this case the the reflected coefficient is 
neglected. 
 
3. Simulation Results 
It is established that the wavelength of the light propagates in the chalcogenide glass due to the change in refractive index 
of the propagated materials. However, most of the published works have reported the requirement of a few tens of 
centimeters of chalcogenide length [3-5]. In contrast, we have found that the length of the chalcogenide glass can be 
shortened by inducing the nonlinear effect couple into the propagation medium. Hence, we have proposed a device with 
an on-chip design called as a modified add-drop filter  It consists of a center ring is formed by a length of a chalcogenide 
glass about few µm surrounded by two nonlinear phase modulators [27]. They are made of GaAsInP/P material in 
smaller ring radius. The nonlinear effect of light travelling within the side rings is induced into the chalcogenide ring and 
increase its refractive index. By using the obtained preliminary results, the required outputs and parameters are obtained. 
The simulation results are obtained by using the MATLAB program, in which the comparative wavelength input sources 
are 1.10, 1.30 and 1.55 µm. The graphical result is shown in Figure 2. Other characteristics of light propagating within 
the on-chip system in Figure 1 are plotted in Figures 2-6.  Linear and nonlinear refractive indices of the GaAsInP/P are 
3.14 and 1.30x10-13 m2W-1[27], respectively. The attenuation coefficient of the waveguide is 0.1 dB (mm)-1, Aeff = 0.50 
µm2. For simplicity, the waveguide loss is 0.5 for all wavelengths. The ChG dimension is given in the figure captions, 
Aeff = 0.39 µm2, the nonlinear refractive index n2 = 8.6 × 10-18 m2/W [21], linear refractive index n0 = 2.63 [28]. The loss 
parameter α = 3.2 dB𝑐𝑐𝑐𝑐−1 [27], the fractional intensity loss γ = 0.1 and  other used parameters are given in the related 
figure captions. There were 3 different input sources used in the simulation.  
  
Figure 2: The Optiwave results of the system, where the  (InGAs/InP) 𝑅𝑅𝑙𝑙=2.22 µm, ChG 𝑅𝑅𝐼𝐼=6 µm, (InGAs/InP) 𝑅𝑅𝑑𝑑=2.19 µm, the 
input center wavelength is 1.10 µm, the other parameters are given in the result description section. The high-density outputs in terms 
of wavelength is seen. 
 
 
 
 
 
Figure 3: The results of the ultra-wideband wavelengths, the input light power of 10 mW with the center wavelength is at 1.10 µm. 
The ring system’s parameters are the same in Fig 2. The output wideband wavelength from 0.7-2.2 µn is obtained. The wideband 
wavelength outputs are also seen at the throughput and drop ports. 
 
The MATLAB program was used in the simulation. The output of the device is shown in Figure 3, where (a) 
and (b) are throughput and drop port signals, (c) is the WGM output. The plot of the relationship between the input 
power and WGM output of the wavelength sources is plotted in Fig. 4, which shows that the maximum power of the light 
source is at the wavelength of 1.30 micron. The ultra-wideband outputs of the employed sources are plotted in Figure 3, 
which is shown that the output at the center system can be wider extended than the original input sources. The obtained 
wavelengths are ranged from 0.70-3.0 µm, which can be used for the transmission of both fiber optic and wireless signals 
by a single source. By using the two phase modulators, the extended wavelength bands and the amplified signals can be 
obtained within a tiny device. The results of the WGM outputs of the 3 wavelengths, 1.10, 1.30, 1.55 µm are shown in 
Figure 5, where the input power is at 2 mW, the ultra-wideband wavelengths are ranged from 0.70-3.1 µm. The output of 
the dense WGM probes at the add port is input into the image display device, which is the same system as shown in 
Figure 2. By using the same parameters. the in this case, the device is operated as the microring conjugate mirror(MCM). 
In Figure 6, the used reflection coefficient is 0.10(10%) at the input light source center wavelntg center is 1.10. The high-
density 3D imaging display is obtained, which can be used for the high-density 3D imaging and printing applications. 
Moreover, such a device is formed at an on-chip scale that can be fabricated with the existing fabrication technology.  
 
 
 
Figure 4: The plot the WGM outputs at the center of the system with the input power variation. The comparison of the  3 input 
wavelength sources, the changes in the input power are from 0.5-5.0 mW. The highest output is seen at the center wavelngth of 1.30 
µm. 
 
 
Figure 5: The MATLAB results of the WGM outputs of the 3 wavelengths. The input power is fixed at 2 mW, the input source center 
wavelengths are at 1.10 µm (blue), 1.30 µm (red), and 1.55 µm (black), the output wavengths are ranged from 0.7-3.1 µm. 
 
 
Figure 6: The Optiwave output of the dense WGM imaging output from the wavelength cenetr at 1.10 µm, in which the used 
parameters are the same. The add port output from the system in Figure 1(microring conjugate mirror) is input into the input of the 2nd 
system(the same as the 1st system), the reflection coefficient is 0.10(10%). The dense imaging display of the 3D image is obtained, 
which can be used for 3D dense imaging and printing applications. 
 
4. Conclusion 
We have proposed an on-chip scale system with potential application for ultra-wideband LiFi source, where currently 
each technique has the individual source. By using the proposed system, the wideband source can be merged into a single 
system. This means that the system redundancy can be reduced and a compact system can be featured. The newly 
synthesized material is known as the chalcogenide glass can be used to form the wavelength conversion in the form of an 
add-drop filter, in which the output can be generated in the form of the WGM of light at the center of the system, which 
is convenient for LiFi application. The center ring signals are generated by the nonlinear effect induced by the side phase 
modulator, which is made of the GaAsInP/P. From the results obtained it is found that the output of the light source with 
the wavelength of 1.30 micron is a suitable input source for the system,  where the use on the proposed device for LiFi 
sources and high-density 3D imaging applications is plausible. The ultra-wideband 0.70-3.1 µm can be achieved with a  
maximum output of 12 mW. 
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